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CONCLUSIONS 



I. That the cage masts as installed on the 
U.S.S, North Dakota do not cause any appreciable er- 
ror in range in the fall of shot when using the Di- 
rectorscopes installed in their tops. 

II. That the motion of the gun, due to the an- 
gular velocity of rolling of the ship does cause an 
error in range in the fall of shot. That the amount 
of this error depends on the angle of train, and the 
angular velocity of the rolling of the ship. 

III. That the velocities imparted to the shell 
in the direction at right angles to the tangent to 
the trajectory, at the muzzle of the gun do cause an 
error in range in the fell of shot. 

IV. That the velocities in other directions 
cause very small errors in range in the fall of shot, 
which may he neglected. 

V. That the major calibre guns should always be 
fired when the ship is rolling in the same direction. 

VI. In firing guns that cannot wait for the roll, 
these errors in range in the fall of shot referred to 
in II and III should be kept in mind by the control 
officer. 
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VII. By the use of easily constructed charts, 
the errors referred to in II and III may be quickly 
calculated, with the instruments now at hand. 



SECTION I 



The purpose of this thesis is the Investi- 
gation of range error introduced in the fall of shot 
by the rolling of the ship, when using Director Eire 
and the method of correcting for these errors for the 
initial shot. The conditions to be investigated 
which cause this error in the fall of shot are:- 

(1) Motion of the Sighting instrument relative 
to a fixed plane on the ship. 

(2) Motion of the gun during the firing inter- 
val , and 

(3) Motion of the ship imparting velocities to 
the projectile which tend to move it out of its cal- 
culated path. 



SECTION II 



Error Bue to Motion of Director Relative to 
a Fixed Plane on the Ship « 

The error due to the motion of the Sighting 
instrument relative to a fixed plane on the ship, is 
caused hy movement of the supporting structure for this 
instrument, relative to a fixed plane on the ship. 

These Sighting Instruments, or Directorscopes , are 
mounted in various positions on the ship, ana with the 
exception of those in the fore and main tops, no error 
is considered to he introduced hy the motion of the 
ship when rolling. 

It is desired, however, to find what error, 
if any, is introduced hy the ship’s motion when using 
the fore or main top directors. 

These instruments are, mounted in the top of 
a cage mast with approximately 90 feet of unsupported 
length. When the ship rolls, these masts are subjected 
to a transverse loading due to gravity, which is a stati 
force, and also due to an accelerating force, which is 
a dynamic force. The forces acting on the mast will 
cause it to deflect in one of three manners 

(IJ As a cantilever heam, with hoth a change in 
slope, and a deflection. 

(2) As a pantagraph, v/ith a deflection, hut no 
change in slope, or, 

(3) A combination of (l) and (2). 
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If the mast deflects as a beam, the change in 
slope will introduce an error in the directorscope, ex- 
cept when the ship is in the upright position* 

If the mast deflects as a pantagraph, no 
angular error is introduced. 

If the mast deflects as a combination of a 
beam, a.nd a pantagraph, an angular error v;ill be intro- 
duced, which may be proportional to the loading on the 
mast, or may not, depending upon the qualities of the 
mast itself. 

In order to investigate this subject, the change 
of slope and the deflection for the Foremast of the 
U.S.S, Florida that should be expected for a 10® roll, 
is computed, assuming the Jaast to act like a beam, sup- 
ported at one end. 
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Formulae used: 



FLORIDA 

2 

I = AW2^++r]sg75® 

where , 

1 = Transverse moment of Infertia of . 

h = Numher of elements 

A = Area of one element 
r = Radius of mast 

¥ 14 li F 

H ; io = ' ^3 

2 El 2 El 2 El 

F = Shear on the mast at any section. 

1 = length of section of mast under consideration 

E = Modulus of Elasticity in pounds per square inch 

M = Bending Moment at point, 1, distant from fixed 
point . 

a = distance of single concentrated load not at 
free end, from the end considered as fixed. 

i = slope of mast in radians at free end 

= angular acceleration in radians 

IT® ^ 

180 ('f]2 

% = angle of roll, in degrees 
T = half period of ship in seconds. 
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A particle, whose weight is W, at x feet a- 
bove the center of rotation, which in this case is the 
c.g, of the ship, will exert the following forces 
normal to the vertical axis of the mst;- 

Static Force = W sinO 

W 

Dynamic Force = - x 

S 

This loading is that of a cantilever beam 
under transverse loads. 



Section I . Base of mast to height of 19.468 ft. above 
base. 

Length = 19.468 ft. 

Bottom radius = 110.6 inches 
Top radius = 86.0 inches 

2 2 

ir(26.26 - 2.375 

Area cross section one element = 

4 

= .98172 sq.in. 



2 2 

iBottom"^*^®^*^^ 2 X 110.6 + 4(110.6 sin 75 + 110.6 sin 60 

V 2 _ 4 

110.6 sin 15 = 292,025 iri.^ 



= 292025 X 



86.0 

110.6 



= 177,500 In 
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Section II * 19.468 ft. to 38.72 ft. above base 
Length = 19.28 ft. 

Bottom radius = 86" 



Top radius = 65.6" 
2 



Area = 114 ( 2.125 - 1.875^) = .7854 Sq.In, 
81,130 
= 139,429 



1. = 81,130 

top 



bo ttom 



Section III. 38.728 ft. to 56.418 ft. 

Length = 17.69 ft. 

Bottom radius =65.6" 

Top radius = 53.5" 

2 2 
Tr(lT^ - iTs 

Area = .6734 



4 



above base 



I 

bottom 



65,800 



Hop = 43,766 



Section IV. 56.418 ft. to 81.376 ft. above base 
Length = 24.958 ft. 

Bottom radius = 53.5 in. 

Top radius = 56.0 ift. 

Area = .6734 sq.in. 



^bottom 

^top 



21,883 In.^ 
22,911 In.^ 
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BRASS TUBING 



Section I 

Z 5/8 1/8" Thick Wt/foot = 5.06 # 

Section II 

2 3/8 1/8" Thick Wt/foot = 3.07 # 

STEEL TUBING 

Sections III & IV 

1 3/4 1/8" Thick Wt/foot = 2.17 # 



Wt. per height of Mast per element. 

5.06 5.06 

cos 15° .96593 

3.07 3.07 

cos 15° .96593 

2.17 2.17 

cos 15° .96593 

Section (1) 48 x 5.25 = 252 Ihs. 

Section (2) 48 x 3.18 = 152,5 lbs. 

Section (3) 48 x 2.25 = 108.0 lbs. 

Section (4) 24 x 2,25 = 54,0 lbs. 

When ship is inclined 10° - 



= 5.25 lbs. 



= 3.18 lbs. 



= 2.25 lbs. 



Static Force acting at Right angle to C.L. of Mast 
Section (l) 252 sin 10° = 252 x .17365 = 43.8 lbs. 
Section (2) 152.5 sin 10°=152.5 x .17365=26.5 lbs. 
Section (3) 108.0 sin 10°=108.0 x .17365=18.75 lbs. 
Section (4) 54.0 sin 10°= 54 x .17365 = 9.375 lbs 



Increasing these weights by 25> for fittings, 
rings, etc. the weights for these sections become 



Section (l) 54.8 lbs. 

Section (2) 33.1 lbs. 

Section (3) 23.4 lbs. 

Section (4) 11,7 lbs. 

Assuming a roll of 10° for the solution of this 
problem and assuming a period of 12 seconds for a com- 
plete roll:- 

IT® 10 

X = ,0478 radians/sec. 

180 (6)2 



Dynamic force acting is directed away from 

center position and perpendicular to C.L, of mast and 
Woe 

= P = - X, 

g 

.0478 

- .00149 

g 32,17 



At base of mast * R = 32.615 
Top of Section I, R = 52.084 

Top of Section II, r = 71,323 
Top of Section III, r = 89,013 
Top of Section IV, r =114,071 
At searchlight platform r = 78 
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.1325 
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.1698 
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.1162 
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Average 









W, = 15.9 lbs ./ft. 


0775 X 252 = 


19,5 




JL 


0775 X 152.5= 


11.8 




W„ = 14.0 15b ./ ft. 


1062 X 152.5= 


16.2 






1062 X 108 = 


11.5 




= 13.9 Iba./ft. 


1325 X 108 = 


14.3 




o 


1325 X 54 = 


7.15 




W = 8.16 lbs ./ft. 


1698 X 54 = 


9.17 
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L 


0 A I) I H 


G 


Platform 




9750 




Men 




600 




Instrument 




1500 




Pipe 




165 




Topmast 




1270 


Static Dynamic 






13285 


2310 .1698 = 2260 



78. » 

Searchj light Platform Loading: 



Platform 


6000 


Static Dynamic 


Search lights 


7000 






13000 


X .1162= 1510 



x,17365=2259 



Concentrated Loads; 



78« 






Static 


2259 


2310 


Dynamic 


1510 


2260 



3769 lU 



4570 l&S 






r 











\ 



I 



Assumption for approximate Solution 



Uniform Loading = Dynamic + Static Forces 
Section I = 15.9 + 54.8 = 70.7 lbs. 

Section II = 14.0 + 33.1 = 47.1 

Section III = 13.9 + 23,4 = 37.3 

Section IV = 8.2 + 11.7 = 19.9 

That the average I are taken as;- 
Section I = 240,000 in.^ 

Section II = 110,000 in.^ 

Section III= 54,000 in.'* 

Section IV = 22,000 in.* 



Modulus of Elasticity; 

Section I 16,000,000 Ibs/sq.in. 
Section II 16,000,000 '* 

Section III 29,000,000 " ** 

Section IV 29,000,000 " " 

Concentrated Loading; 

Section III 3769 # at 45* 6" 
Section IV 4570 #. at 81* 4** 
Section IV 
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4570 24,958 x 144 

2 X 22,000 X 29,000;,000 
2 

19.9 X 24.958 x 24.958 x 144 
6 X 22,000 X 29,000,000 



0003218 radians 



= ,00001168 radians 



I 



1 (. 



J 




( I. 



Section III 



2 

4570 X 24.98 + — ^ ^.2 x 17.69 x 12 



54,000 X 29,000,000 
= *0001954 radians. 

2 

37.3 X 17.69 X 17.69 x 144 

i = = .000003162 radians 

^ 6 X 54000 X 29,000,000 

2 

3769 X 6.748 x 144 

.00000796 radians 

2 X 54000 X 29,000,000 

2 

(4570 f 3769 + 19.9 x 24.958) 17.69 x 144 

i = =.0002545 

^ 29,000,000 X 54000 radians 



Section 11 

2 

17.69 

(4570 X 42.648 + 19.9 x 24.958 x 30.169 +37.3 x g ) 12 

= 

16,000,000 X 110,000 

X 19.28 X 12 

= .000339 radians 

16,000,000 X 110,000 

2 2 

(4570 + 3769 + 19.9 x 24.958 + 37.3 x 17.69 )19.28 x 144 

ig = - 

16,000,000 X 110,000 

= .0002893 radians. 

2 

47.10 X 19.28 X 19.28 x 144 
^3 "" • 



6 X 16,000,000 X 110,000 



0000460 radians 



r 



i 



Section I 



(4570 X 61.928 +19.9 x 49.449 x 24.958 + 37.3x28.125x17.69 j 

i 

16,000,000 X 240,000 
19.468 X 12 X 12 

= ,000165 radians. 

16,000,000 X 240,000 

2 

(4570 + 19.9x24.958 + 37.3 x 17.69 + 47.1x19.28)19.468 xl44 

i 

^ 16,000,000 X 240,000 



= .0001477 radians. 

2 

70.7 X 19.468 x 19.468 x 144 

i- = = .00000326 radians 

6 X 240,000 X 16,000,000 



i = 




+ ir, + i + 

^ 3 
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4 




0017848 X 57.3 x 60 = 6’. 13 
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CALCULATIONS 



ON 

NORTH DAKOTA 



A change in slope of 6*20” is not excessive 
for an angle of roll of 10®, and shows that, should this 
be corroborated by experimental data, the cage mast is 
a suitable platform for all practical purposes, for a 
director station. 

With the purpose of investigating the nature 
and magnitude of the slope when under a system of load- 
ing, an actual test was made on the U.S.S, North Dakota. 

The description of this experiment is as 

follows 

A steel v/ire cable was run between the fore 
and main masts, and made fast to the rings supporting 
the tops, and into which the mast elements are made 
fast. Load was applied by means of a tumbuckle, and 
v/as measured by a steelyard and 500 lb. spring balance. 
Deflection of the mainmast was measured at 3 places, 
using a surveyors transit, and scales fastened to the 
mast. On the Foremast, only the deflection at the top 
could be measured, as the bridge and search light plat- 
form screens obstructed the line of sight. 

Gunners quadrants were used in each top to 
measure the change in slope. 

A steel tape was run betv/een the two masts, 
and the distance between ty/o fixed points measured for 
each load. This served as a check on the transits. 



n 



For the data obtained from this test see 



pages 

The problem now is to apply the data ob- 
tained from the experiment, to the actual conditions 
which exist when the ship is at sea, 

2 2 

tt(27E - 2725 ) 

Area 2" 1/2 tubes = ( ) = ,934 sq,in, 

( 4 ) 

2 2 

7t(i775 - l7E ) 

Area 1" 3/4 tubes = ( — ) = ,637 sq,in, 

( 4 ) 

r = 122.37 in. 

0 ft. 

T 48 3 ^ 

1 “ — X 122,37 X .934 = 412,000. 

2 



r = 101.5 in. 
h = 14.75 ft. 



I = ..X .934 X 101.5 = 234,800. 

^ 2 

r = 101.5 in. 
h = 14.75 ft. 

48 ^3 4 

I- = — X .637 X 101.5 = 160,000. 

2 

r = 81.875 in. 
h = 29.78 ft. 

48 3 <. 

I. = X .637 X 81.875 = 83700. 

^ 2 

r = 56.3 
h = 56.70 

48 ^3 ^ 

I. = — X .637 X 56.3 = 27,300, i 

2 
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r = 56.3 in. 
h = 56.70 ft 



24 ^3 ^ 

Ig = -- X ,637 X 56,3 = 13,650. /rt 

2 

r = 53. in. 
h = 70. ft. 

24 ^3 ^ 

Ig = — X ,637 X 53 = 11,370. 

2 

r = 57. in. 
h = 81.4 ft, 

24 _3 4 

= — X .637 X 57 = 14,150 

^ 2 

Section I 

E = 16,000,000 #/sq,in. 

I = 280,000 In.^ 

1 = 14,75 ft. 

Cross sectional area 1 element = ,934 sq.in. 
Section I I 

E = 16,000,000 lbs. /sq.in. 

I = 120,000 in.^ 

1 = 15.0 ft. 

Cross sectional area 1 element = ,637 sq.in. 
Section III 

E = 29,000,000 lbs. /sq.in. 

I = 50,000 in.^ 

1 = 26.9 ft. 

Cross sectional area 1 element = .637 sq.in. 
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Section IV 



K = 29,000,000 Ibs./aq.ih. 

I = 14,000 in. 

1 = 24.7 ft. 

Cross sectional area 1 element = .637 sq.in. 

j-or r/)ese. cd>A7 f>urdT/<}Ais jTor^i 

T^edd/Nfi 

^ Load - Z SoOj Z' ^o'\ 

COMPUTATIONS 



Z 

2800 24.7 X 144 

i X = .000330 radians 

2 29,000,000 X 14000 

M = 2800 X 24.8 x 12 

2 

2800 X 24.7 X 12 X 26.9 x 12 2800 26.9 x 144 

1 = + X 

3 29,000,000 X 50,000 2 29,000,000x50,000 

= .0002852 radians. 

•Z 

2800 X 12 X 51.6 x 15.0 x 12 2800 15.0 x 144 

1 + X 

16,000,000 X 120,000 16,000,000x120,000 

s= .0001841 radians. 

Z 

2800 X 66.6 X 14.75 X 144 2800 14.75 x 144 

1 = + - — - X 

280,000 X 16,000,000 2 280,000 x 16,000,000 

= .0001864 radians 



i = ij^ + i 2 + i 3 + i^ = .0009587 radians. 

= ^.3 

= 3« 18" 

But the actual change in slope Y/as 2’ 50'* or 

2».83". 
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Substituting this value for i in the formula, 
2 



I* 1 



1 = 



2 El 



a value for El may be found. 

2 

81.4 X 144 X 2800 



El = 



.000823 X 2 

Substituting this value for El in, 

Fl*^ 2800 X 81.4 X 12 

V = — . = = •*.483 = 15,45” 

3 El 3 El 32 

15.45” 

V 

32 

14 

But the measured deflection was — , which 

32 

is less than the computed value. 

From the above data, the conclusion is reached 
that the various bridge structures act as partial sup- 
ports, and in doing so decrease the effective length of 
the mast as a beam. 

Pl2 

Since i = — -- , 

2 El 

Pl3 

and V , 

2 El 



it is readily seen that with a reduction in 1, the length 
of the beam, affects V to a greater extent than it af- 
fects i. 

Since, hov;ever, the slope varies directly with 



the Force applied, we may compute the actual change in 






I 




slope for a given load, ty using the data found from 
the experiment . 

This slope found will be correct, provided 
the load is applied at the same point. 

When considering the load due to the weight 
of the elements, and the concentrated load at the search 
light platform, it is recognized that an error will be 
introduced by keeping the length of the beam constant 
at 81.4 ft., instead of allowing for a reduction in 
length, due to the partial supporting forces of the 
various bridge structures. But since the total change 
in slope caused by this loading is small, no material 
error v/ill be introduced by this assumption. 

Change in slope due to concentrated load in the Top, 
W 

k = W sin G + - r 
g 

TT^ 6° 

^ = 1 W " Vtf 



r TT^ 

F = W sin (:)■+ 



0 



g 180 V 



For angles under consideration 0® to 10® as- 
siimption that Sin ^ = 0may be used without material er- 
ror. Then, 



r V. r 

- 


^3 ol 

^ e 

X •• 


= WO 


" r 

1 + - 


TT^ 


*- g 


180 t^ 


, 


g 


t^_ 







i 




F = Force formal to axis of Mast 



where W = Weight in lbs. at top 

0 = Amplitude of roll in radi^^ 

r = Distance from C.G, of Weight, W. 
q = 32.17 ft./sec.^ 
t = Time of half period in seconds. 



Equivalent El = 



81.4 X 144 X 2800 

.000823 X 2 
2 



115 7T 

F = W^ \ 1 + — X 

32.17 49 

= + .729 1 



E = 1.729 W 0 

1.729 Wei^ 

i radians 

2 El 2 El 

2 

1.729 W6x .000823 x 2 x 81.4 x 144 

i mi n ut ens 

2 

2 X 81.4 X 144 X 2800 



W 

i 

i 

i 

i 

i 



= Weight in top . assumed to b e 10,000 lbs. 

1.729 W X ^ X .000823 

= = K W9» 

2800 

1.729 W0« X .000823 
2800 

= W9* .U000005075 

= ,005075 9° = slope in degrees 
= .3045 0 °= slope in minutes. 



Considering next the uniform load on the mast 



due to the weight of the elements. 




Fn= 



W dX r 1' 

(a + x)c< = — I al + - 

o g g L 2 




a X 1 
2 



P = Wl^i^ 
(A 



5 



sin 6+ ^ (a +« ) 
g 2 






j2 
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i = 



where 6 is in radians. ^ ~1 

F(l^ - a)2 V (a + ^(1^-a)^ 144 x2x. 000823 



2 El 



[_81. 



4 X 144 X 2800 



J 



where , 

W = 2,2 #/ft. per element 
1 = 81.4 ft. 
a = 33.9 ft. 
t = 7 sec. 

1^= 96.7 ft. above c.g. 

= 62.8 ft. above base of mast. 



1 = 



oo 0 -. V. — r. ( 33.9 + 40.7j7(62.8)%44 

2.2 X 81.4 X 48tfjl + (7)2 32,17 ^ p / 



2 

2 X 81.4 X 144 X 2800 



X 2 X .000823 
2 

2 X 81.4 X 144 X 2800 



8590^[i.47^>< 6.28 x 144 x 2 x .000823 

i = P 

2 X 81.4 X 144 X 2800 
i = .002212 00 /N De^rec^. 
i = .1327 0 o in minutes 

Taking the searchlight platform to be 70 ft. 
above c.g. and weighs 6000 lbs. including search lights 
and platform: 



F= 6000|^sin^ + 7oJ 

^ TT^ 1 ^ 

= 6000 Q) 1 + - — _ X 70 

^ (7)2 32.17 -J 

= 6000 [l + .438^ ^ 

= 8628 9 

8628% X 36.1 X 36.1 x 144 x .000823 

i = — - - - = .0005050 B 

(61.4)2 ^ 3^44 X 2800 
= .000505 8® in degrees 

= .03039® in minutes. 

Combining these changes in slope, 

i = .3045 0“ + .1327 0“ + .0303 9 
= .4675 0® in minutes. 

which gives the equation for the change in slope at the 
top of the mast, when the ship is inclined^® from the 
vertical, 

!Ehe equation, i = .4675 0® minutes, will give the error 
due to the slope of the mast, when the guns are fired 
with the ship in any position other than vertical. In 
practically all cases, the guns would not he fired at 
the instant the ship is more than 2® from the vertical 
position. 

Assuming that firing did take place when the 
ship is 2® from the vertical, the error introduced would 
heC?.935 minutes, which is negligible. 
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Therefore, it may be stated that when firing 
with director fire, using the foretop director, the 
error introduced by the change of slope of the mast is 
negligible and need not be considered, as long as the 
position of the ship at the instant of firing, does no 
exceed 2° from the vertical position. 
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SECTIOI^i III 



Range errors introduced into director firing 
by the motion of the gun during the firing interval. 

Director firing is based on the principle 
that the gun is elevated to a fixed angle above the line 
of sight and that the projectile leaves the gun instant- 
ly in the predetermined direction when the line of sight 
crosses the point of aim. Since the line of sight 
must cross the point of aim, it is necessary that the 
ship be rolling. Therefore, it is impossible for the 
projectile to leave the gun in the desired direction 
since it does not leave the instant the line of sight 
crosses the point of aim. Some time being necessary 
for the pointer to press the firing key, the primer 
bridge to break, the powder charge to ignite and burn, 
and the projectile to travel down the bore of the gun. 
This time may be generally divided into two parts, first, 
the time from the instant the pointer wills to fire un- 
til the firing circuit is closed, and the time from the 
closing of the firing circuit until the projectile leaves 
the muzzle. The first of these is known as "the point- 
er’s personnel time interval" and the second as "the 
time of ejection," 
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“The pointer’s personnel time interval” is very- 
small and for well trained men should he in the nature 
of a reflex action, for v/hich the time is a few hundredths 
of a second. In fact, recent experiments at the J:*rov- 
ing Grounds at Indian Head show that this time is about 
minus .045 seconds. The minus indicating that the point- 
er anticipates the crossing of the line of sight over 
the point of aim hy that amount. Since the pointer’s 
personnel "time interval” is a function of the man and 
is very small it has not been included in the following, 
"The time of ejection" has been very carefully 
measured by the Bureau of Standards on the Brazilian 
Battleship "Sao Paulo", the "Hew Mexico" and other ships 
of the latest type. The average of one hundred fifty- 
five accurately measured times of ejection for the 
fourteen inch, fifty caliber guns of the "Hew Mex<)co" 
is eleven hundredths of a secona. Of these times the 
shortest is ,083 seconds and the longest is .157 seconds. 
Therefore in the following the time of ejection is taken 
as one-tenth of a second. 

This time is very short and the angular ve- 
locity of roll during it may be considered constant. In 
the discussion of the effect of this time lag on the 
fall of shot in range, the following assumptions are 
made: 
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{!) That the line of sight is fixed in relation 

-the. 

to the gun and that;, angle between the line of sight and 
the center line of the gun remains constant. 

(2) That the firing circuit is closed at the in- 
stant the line of sight crosses the point of aira, 

(3) That the line of sight crosses the point of aim 
at the top of the roll, i.e., when the ship is on an 
even keel and rolling at the maximum angular velocity. 

(4) That the gun remains at a fixed angle of 
train. 

If the gun is trained abeam and the firing 
key is closed when the ship is in position A, Figure I 
as the line of sight crosses the top of the target and 
the ship is rolling toward the target with an angular 
velocity w minutes per second, it will be in position 
B when the projectile leaves the muzzle. That is, 
the ship will have rolled w t minutes towards the tar- 
get. Therefore the projectile will leave the muzzle 
as if the gun were w t minutes lower than the correct 
angle of elevation, at which the gun was, when the fir- 
ing key was closed, and the shot will fall short by 
the amount of range represented by a change of angle 
of elevation equal to w t minutes. 

The above holds only when the gun is trained 
abeam. For any other position we v*ill consider the 
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circle in Fig, II. This circle^ represent^ *^^he path 
of the muzzle of the gun for different angles of train^ 
is rotating about a fixed horizontal line, to which 
one of its diameters is alv/ays parallel, and is at a 
distance ”a” from the line in a direction perpendicular 
to the plane of the circle. 

At the instant shov« the plane of the circle 
is horizontal. At time t it will have tilted through 
an angle of t w minutes, and any point on the circum- 
ference v/ill have moved a distance equal to t w r sin T 
away from the horizontal. Where r is the radius of 
the circle and T is the angle around to the right from 
the right-hand end of the diameter which is parallel 
to the axis of rotation. Therefore any radius will 
have tilted away from the horizontal by an angle whose 
sine is equal to, 

t w r sin T 

sin A= =twsinT (1) 

r 

For small angles, 

sin A = A 42) 

Therefore A = t w sin T. (3j 

Since the gun lies in the same vertical plane as r, A 
is the angular error introduced for a time of ejection 
of t seconds for an angle of train T and can be taken 
from the range table and converted into yards of range. 



The shot will fall over if the guns are fired on the up 
roll and short if fired on the down roll. 



If we let, 

angle of roll from the vertical 
= maximum angle of roll from the vertical 
GM = the metacentric height of the ship. 

= the radius of gyration of the ship 
g = the gravity constant = 32.16 ft. per sec.^ 
t = the time of a single roll,i.e. from ^ on 
one side to ^m on the other, 
the angular acceleration for any ship is equal to. 



g G M „ 

—5 = - ----- & = - 






where ^ = a constant = 












(4) 

and depends on the 



constants of the ship. 

Integrating (4) as follows 

p/ 

2 dt = - BV2^d0 

d t d t^ 



(5) 



( 6 ) 



Since &t the end of the roll where ^ = 0m the velocity 
equals zero , 

(7) 



C = ^ 



Therefore, d0 



— - = 



( 8 ) 
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Integrating this for t, 




Therefore , 




( 9 ) 



(lOj 



Therefore, 

t = — = _ (11) 

B ^/g G M 

I’roin the above, 

^ ® ( 12 ) 

and this becomes, 

n = (13) 

when the ship is on an even keel and rolling at the max- 
imum velocity* 

Value of © can b e taken from chart I for any 
ship for which the G.M. and/<^ are knovm, or it can be 
calculated from (11) if the half period t'^is known. 

The above discussion is taken from works on 
Naval Architecture and is near the truth for the usual 
angles of roll. Also it has been prooved to hold by 
the photographic rolling data taken recently on the U.S.S. 
N^evada. 

With this value of w (3) becomes, 

A = t ^ (^^) 

and if we let t equal the time of ejection (14) becomes, 

.1 
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A = 



This has been done on charts II and III, for 
the U,S,S, North Dakota and the values of A in minutes 
are read on the left-hand scale on the middle ver- 
tical line. The methods of construction and use \7ill 
be given later. 

The above holds for either center line or 



broad side guns 



SECTION IV 



Errors due to the motion of the ship im- 
parting velocities to the projectile which tend to 
move it out of its calculated path. 

By experiments in this country, England and 
Germany it has been proved that when a ship rolls she 
oscillates about a fore and aft axis which is very near 
to her center of gravity. This axis is not fixed but 
moves very slightly. This motion is small and in what 
follows the axis of oscillation will be considered 
fixed and passing through the center of gravity. 

Figure III shows a plane through the center 
line of a gun and perpendicular to the axis of oscilla- 
tion, with the gun trained abeam, 

a = perpendicular distance from the axis to the 
horizontal plane through the trunnions of the 
gun, 

b = the distance from the intersection of a with 
the horizontal plane through the trunnions, 
to the center of the trunnions, 
c = the length of the gun from the center of the 
trunnions to the muzzle. 

d = distance from the axis of oscillation to the 
muzzle of the gun , 
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cx = the angle between d and a 

cj) - angle ofelevation of the gun above the horizontal 

If the ship is rolling with an angular velocity 
of w radians per second the muzzle of the gun will have a 
linear velocity of 

Vjjj = d w feet per sec. (1) 

This velocity y will have components perpendicular to 
and along the path of the shell as it leaves the muzzle. 

The component along the path will represent 
a slight change in muzzle velocity and is equal to, 

Vt = cos (2) 

This change is small and is not within the errors of the 
muzzle velocity. 

The component perpendicular to the path is 

equal to, 

Vp = sin (a + ^ ) (3) 

This component is small, but since it acts perpendicular 
to the path of the projectile, it tends to throw it out 
of its path and the projectile will follow the direc- 
tion of the resulting velocity. Therefore the shell 
does not leave the gun on a tangent to its calculated 
trajectory, but on a tangent to a trajectory which is a- 
bove or below this trajectory, as if the angle of de- 
parture had been greater or less by the angle \tiose tan- 
gent is. 



Vjn sin ( o< + (^ ) 
muzzle velocity 



( 4 ) 
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This correction can he calculated and added or subtract 
ed either as angle or range in yards, 

Tliis velocity component would make the shots 
fall over if they were fired on the up roll and short 
if they were fired on the down roll. 

The above applies to center line guns and to 
broad side guns so long as they are trained abeam, but 
for any other angle of train it does not hold. 

The guns will now be divided into two classes 
(1) Center line guns and (2) Guns which are not mount- 
ed on the center line. 

Center Line Guns 

Center line guns are guns which have their 
axis of train on the center line of the ship. In this 
class are turret guns, and the forward and after guns 
of destroyers. 

The correction mentioned above is exact and 
is different for each turret or gun, since the distance 
d is different for each turret or gun. 

Since it is assumed that the guns are to be 
fired in and one correction is to be applied to 

all of them, some average correction must be found. 

If we take vertical and horizontal components 



of we have. 
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Vy = vertical component, = sin ^ 
and = horizontal component = cos c< 



(i>) 

( 6 ) 



Y is approximately equal to V . The greatest 

y * 

error "being at long range where this correction "be- 
comes so small as to be practically negligible. And 
the approximation becomes small at shorter ranges and 
smaller values of ^ . 

Since , 



V„ = sino< = d w 
y m 



(b + c COS0 ) 



= w (b + C cos ^ ) 
If we let this equal, 



V = w (b + c) 
y 



( 7 ) 

( 8 ) 

(y) 



we are very close for all angles of elevation and have 
a correction that applies to all guns. 

If the guns are not trained abeam, the above 
does not apply, 

From Fig, II it will be seen that for an angle 
of train T, 

V„ = f w 
m 

where f is the perpendicular distance from the muzzle of 
the gun to the axis of oscillation. And lies in the 
plane through the muzzle of the gun perpendicular to 
the axis of oscillation. 

If we consider the ship on an even keel and 
let^ be the angle between the vertical and f. 



we have 
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(b + c cos^ )sin T 
f 



( 11 ) 



V ^ = f w sin^ = f w 



and 



Vy = w (b + c cos^) sin T 



co^ 



f "" m 

where is the horizontal component of velocity in the 
plane of f and^ . This has components 

in the direction of the gun = cos^sin T 



and 



^ ^ la -t c sin ^ T = w (a + c sin^ )sin T 

V = perpendicular to the gun in a horizontal plane 
z 

= Y^ cos^cos T (Fig. lY) 

(a + c sin^ ) 

= f w cos T = \v(a + c sinp)cosT 

f 



( 12 ) 

(13) 

(14) 

(15) 

(16) 
(17) 



Y does not affect the range, but affects deflection. 
z 

If^ in (12) we let 

Yy = w (b + c) sin T (18) 

we have a correction for all guns and very nearly correct. 

Since w = for our assumed conditions, (18) 

becomes , 

Y = B(b + c)(^ sin T (19) 

y m 

in which B and (b + c) are constants. 

This equation is in the same form as that of 
Section III and it can be charted on the same chart, using 
and T as arguments. 

This has been done on Chart II and is the right- 
hand scale on the middle vertical line. 
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Guns fiot on the Center Line. 



Guns not on tne center line, such as the 
torpedo defense "batteries of battleships and waist guns 
of destroyers, are assumed to have their axis of train 
at the trunnions and that tMsfax^s is a fixed dis- 
tance from the center line. Ihis is illustrated in 
Fig. V. 

Using the same notation in this case:- 

= f w J20) 

^y = 

cos^ (22) 

sin T CO sin T (23) 

cos T = cos^ sin T («^4) 

b + c cos^ sin T 

But noff sin^ (25) 

a + c sin jz5 

and co^A = (26) 

' f 

since b is fixed. 

Therefore, b + c cos^ sin T 

V = f w = w (b + c cos^in 

f 

a + c sin ^ 

V = f w sin T=(a+c sin<?)w sin *1 

X ^ 

a + c sin ^ 

V = f w cos T=(a + c sin^)w cos 

z ^ 

Using (27) as before and letting c cos^= C and putting 

w = B we have, 

V.y = bB^ + cB^ sin T 
y m m 



TM27; 
' ( 28 ; 

T (29) 



( 30 ) 



( 31 ) 



From this we have, 



and 









(32) 



(32) is in the same form as (19) and can be charted in 
the same way, ^ile (31) can be charted on the same 
line as O This has been done on Chart III. 
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SECTION V 



Charts II and III, Method of Construction and 

Proposed Use. 



These charts are constructed from the formulae 
deduced in Sections III and IV, by the methods given in 
'’Graphical and Mechanical Computations” by Lipka, page 4b. 
Chart II is constructed from the equations, 



A = sin T 

m 

and Vy = B(b+c) sin T 
The first of these may be written, 

log A = log .1 + log B + log O + log sin T 

m 

^ is laid off on the right hand scale in radians from 
,0175 which equals 1 degree to ,2618 which equals 15°, by 
means of a logarithmic scale and the points are marked in 
degrees. The modulus used is 10 on the original chart. 

Sin T is laid off on the left hand scale for 
the natural sine of angle from 5 degrees to 90 degrees 
and marked in degrees. The modulus used is 10 on the 
original chart. 

The modulus for A is therefore 5 and the scale 
comes mid way between ^ and T. A was calculated for 
each degree of with T at 90 degrees and checked for 
two other readings of T. 

The angle for V for each degree of 9 for T 

Jr 111 

equal to 90 degrees was then c alculated and plotted on the 
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chart, 'lOais was also checked for two other values ofT. 

The range correction curve was then drawn by 
taking the difference in the angle of departure for 
one hundred yards from the range table and calculating 
the correction for one minute. 

The purpose of this chart is to give a 
ballistic correction for the roll. The maximum angle 
from the vertical is taken by the rolling ^ the 

angle of train is known and these two points are con- 
nected by a straight edge. The readings on the center 
scales are added together and the sum is multiplied by 
the correction per minute as taken from the range curve 
for the approximate opening range, or the sum of the 
readings is the correction in minutes. 

This is a minus correction if firing on the 
up roll and plus if firing on the down roll. 

Chart III is constructed in the same manner as 
Chart II, except the V correction is divided into two 
parts, since it is for the broad side guns. The first 
part , 



Yn = b 

ly m 

is plotted on the same scale as ^ and the second part, 

m 

is plotted in the same manner as V on Chart II. 

y 

As constructed and before photostating these 



charts had the accuracy of a ten inch slide rule 
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If we are given the problem to find the 
ballistic correction for roll for the 12” guns of the 
U.S.S, North Dakota firing at 300? train rolling 5° 
from the vertical, range 10,000 yards with the ship 
rolling down, 

The shortest time of ejection is ,09 seconds 
and the longest ,12 seconds, i’ind the dispersion 
caused by the roll. 

Solution^ 

Connecting 5 on the right hand scale with 3UU 
on the left hand scale we get 12 and 1,9 minutes on the 
center scales. Therefore, correction in minutes is 
12 + 1,9 or 13,9 minutes plu%s. 

Prom the range correction curve for 10,000 
yards the reading is 26, Therefore, the range correc- 
tion is 13,9 times 26, or 361,4 yards plus, 

Por dispersion the difference in time of 
ejections is ,12 - ,09 = ,03. Therefore the angular 
dispersion is, 

.03 

12 . or 12 X ,3 = 3,6 minutes 

,10 

and in yards is equal to 26 x 3.6 = 93.6 yards. 



SECTION VI 



Description of the test on the masts of 
the U. S. S, North Dakota, and the analysis of the 
results obtained therefrom. 

The object of this test was to determine 
the suitability of the cage mast as a Director Sta- 
tion, and also to determine the error if any, when 
using director fire, the ship rolling in a seaway. 

The general method of the test was to load 
the mast at the top, in such a way as to simulate as 
nearly as possible by static forces, the dynamic and 
static forces that are set up by the weights on the 
mast when the ship is rolling, and to measure the de- 
flection and change in slope, of the mast caused by 
these forces. 

These masts are of the usual basket con- 
struction. The Foremast which is 81 feet 4 inches 
between bottom and top base rings, is made up of 48 
elements for a height of 56.7 feet, and of 24 ele- 
ments from a height of 56.7 feet to the top. Bach 
element is straight between the founda,tion and the 
top ring, and makes an angle of approximately 15° 
with the vertical elements going alternately to right 
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and left. From the base ring to a height of 14.75 
feet, the elements are 2 1/2 inches outside diameter, 

2 1/4 inches inside diameter, brass tubing. From 
14.75 feet to 29,78 feet, the elements are 1 3/4 inches 
outside diameter, 1 1/2 inches inside diameter brass 
tubing. Above 29.78 feet the elements are 1 3/4 inches 
outside diameter and 1 1/2 inches inside diameter, steel 
tubing. At the base ring and top rings the elements 
are riveted to a casting, which in turn is riveted to 
the flange of the channel beam foiming the foundation. 
T/herever the elements cross, they are fastened to- 
gether with a casting and bolts. At approximately 
every six feet, rings are fitted, inside and out, to 
keep the mast in its proper shape. Thus it may be 
seen that the mast is practically made up of a series 
of circular Warran Trusses, whose diagonals make an 
angle of 15° with the vertical. 

The mast carries a search light platform 
with four searchlights, and in addition it carries the 
top, which is used as a control station. The bridge 
structures are supposed to be supported by the deck, 
and to contribute nothing to the load on the mast. 

The mainmast is similar to the foremast ex- 
cept that it has a height of 96 feet, and consequently 
a larger diameter at its base. 
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By construction, the mast is supposed to he 
symmetrical and its motion unrestricted in all direc- 
tions, Since the ship was afloat, in order to re- 
duce the possibility of errors, it was necessary that 
all instruments be on the ship while taking measure- 
ments, For the same reason, any force applied to the 
mast from an external source would tend to move the 
ship, it was decided to load the mast on the ship, in 
a fore and aft direction. 

For loading the mast a 7/8 inch steel cable 
was passed from the foremast to the mainmast, and was 
made fast to a 14 inch 7/8” turnbuckle. This turn- 
buckle was made fast to the after side of the top ring 
foundation by a steel wire strap which was passed 
through the after lightening holes. The position of 
the turnbuckle was so adjusted that it could be op- 
erated by a man standing on the ladder immediately un- 
der the top. 

In the foremast the cable was made fast to a 

lever arm 3 inches from the Fulcrum, The fulcrum was 

?o3«.ec{ -throu<^k 

secured to the top base ring by a steel strap the 
two forward lightening holes. Thirty- three inches 
from the fulcrum was secured a small tackle, which in 
turn v/as made fast to a 500 pound spring balance, which 
was secured to the forward elements of the mast. The 
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lever arm carried a knife edge at these three points. 

For applying the load the turnbuckle was set 
up, and the tackle in the foremast was adjusted so as 
to keep the lever arm vertical. By this means the 
load was assumed to be applied at the top ring of the 
mast and was equal to eleven times the reading of the 
500 pound spring balance. The cable was run so as 
to be as near as possible over the center line of the 
ship , 

In each top, a gunner’s quadrant was placed 
on the base plate of each directorscope , in a fore 
and aft line. The scales of these quadrants can be 
read within 10 seconds of arc. This was the smallest 
increment used, for while smaller increments could be 
estimated, it was not attempted due to a slight pitch- 
ing of the ship, estimated to be about 5 seconds of 
arc* 

Scales, which were marked in 1/16 of an 
inch, were secured to spars, which were rigged in the 
mainmast at the height of 40’6'*, 68*, 1 1/2" and under 
the top, height 96*2" from the bottom foundation. On 
the foremast, one scale only was rigged which was se- 
cured to the top near the upper ring. A surveyor’s 
transit was placed in the port antb aircraft gun plat- 
form in such a way that the three scales on the main- 
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mast could be read directly. Another transit was placed 
on the starboard side of the Signal bridge with which 
to read the scale on the foremast. Readings of these 
scales could be made accurately to 1/32 inch. 

It is assumed that the deflection of the 
mast would not be large enough to affect the accuracy 
of the transit readings, and that these readings would 
represent the true deflection of the mast, and also 
that the transits not being supported by the mast would 
not be affected by the deflection of the mast. 

To Chech the readings of the transits, a 
steel tape was run between the tops. This tape was 
loaded by a spring balance to 60 pounds and measure- 
ments taken between two fixed points on the mast, but 
due to the wind pressure on the tape, the readings of 
this tape were not considered sufficiently accurate 
for use. 

Plumb-bobs were dropped from the end of each 
spar in the mainmast, with the idea of reading the de- 
flection from these, but the wind made their use im- 
possible. 

Using this apparatus as described above two 
runs were made, one in the forenoon and one in the after- 
noon of Friday, May 11th, 1923. 

In the first run before any load was applied, 
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Zero readings of the scales on the mainmast were care- 
fully taken and the upper scale was watched while the 
lever arm was pulled down from a horizontal to a 
vertical position. This force, approximately 1200 
pounds, was sufficient to cause a movement of the top' 
of the mainmast of 8/16 of an inch, and showing a 
change of reading on the gunner’s quadrant of 40 
seconds. This movement shows up clearly on the plot 
of the Load-Deflection curve for run #1, The load 
was then applied in increments of approximately 500 
pounds up to about 4500 pounds. Readings were taken 
at 1000 pound increments as the load was decreased. 

All instruments were read for each load applied. Read- 
ings for the foretop scale were lost for this run, 
due to the fact that the transit was struck, and moved 
during the run. 

For both runs, the load-linear deflection, 
and load-change of slope curves plot as straight lines 
for both the foremast and the mainmast, i‘or the fore- 
mast the load- change of slope curve shows that a load 
of about 550 pounds was applied before there was any 
change of slope. This shows that the first movement 
of the base of the directorscope was in a horizontal 
plane or in other words, that the mast acted as a panta- 
graph up to this load. Beyond this load, the action 



was the same as for a heam, change in slope accompany- 
ing a change in deflection, the loading rate being 
1175 pounds, per minute of arc. 

i’or the mainmast the load-deflection curve 
shows that there was an initial horizontal movement 
of the mast of 13/64" without load, or in other words 
there was this amount of lost motion in the mast struc 
ture which was necessary to take up before the mast 
itself offered any resistance to the force. ij’or the 
mainmast the loading rate is 2000 pounds per minute 
of arc, and 4900 pounds per inch of deflection. 

At the completion of the first run, the turn- 
buckle was slacked off, the lever arm allowed to take 
a horizontal direction in order to remove all strain 
from the mast, but all the curves for the second run 
show an initial load of approximately 500 pounds. 
Otherwise the curves are identical with the previous 
run, and the constants given are the same, 

For this run, the deflections for the fore- 
mast are believed to be accurate and show the loading 
rate to be approximately 6400 pounds per inch de- 
flection. 

In the light of the above data, the follow- 
ing conclusions are arrived at:- 



(1) That the masts have a small amount of lost 
motion, and while this is "being taken up the 
mast acts as a pantagraph with no change in 
slope at the top, 

(2) That after this lost motion is taken up, the 
mast acts like a stiff cantilever heam, 

(3) That the constants for these masts are;- 

Mainmast Foremast 

2000 l'bs/min,arc 1175 lhs*/min.arc 

5000 Ihs/ih.deilec- 6400 Ihs, /in, deflec- 
tion tion 

(4) Upon releasing the load the mast returns 
to the position it occupied after the lost 
motion was taken up. 

Authors* Ho te: 

Before the load was applied, it was 
possible to shake the entire mast by one man shaking 
the hand rails in the tops, "While applying the load 
the mast was very rigid both fore and aft and athwart 
ships , 



DATA 







RUH 










iPore Top 


Fore Top 


Main 


Top 


Reading 


Load 


Transit 


Gunner* s 


Transit 


Quadrant 


No. 






Q.uadrant 








0 


0 


0 


0 


0 


U) 


1325.5 


1/16 


0»40" 


8/16 


0-40 


(2) 


1578.5 


3/16 


1-00 


9/16 


0-50 


(3) 


1694 


5/16 


1-00 


9/16 


0-50 


(4) 


2354 


9/16 


1-50 


10/16 


1-00 


(5) 


2805 


13/16 


2-20 


12/16 


1-20 


(6) 


3300 


19/16 


2-30 


14/16 


1-50 


(7) 


3773 





3-00 


15 1/16 


1-50 


(8) 


4367 


— 


3-20 


4 18/16 


2-10 


(9) 


3311 





2-20 


14/16 


1-10 


(10) 


2233 


— 


1-30 


10/16 


0-50 


(11) 


0 




0-20 


5/16 


0-10 


(12) 






RUN 


_42 






0 


0 


0 


0 


0 


(1) 


1199 


1/16 


0-20 


2/16 


0-10 


(2) 


2156 


4/16 


1-20 


6/l6 


0-40 


(3) 


2948 


6/16 


2-10 


7/16 


0-50 


(4) 


3289 


7/16 


2-50 


9/16 


1-20 


(5} 


3961 


8/16 


3-10 


11/16 


1-30 


(6) 


3894 


8/16 


3-10 


11.25/16 


1-30 


(7) 


3234 


6/16 


2-30 


9 . 5/16 


1-00 


(8) 


2233 


4/16 


1-20 


6/16 


0-50 


(9) 


1067 


1/16 


0-40 


3/16 


0-40 


(10) 


0 


- 1/16 


0-10 


0 


0-30 


(11) 






I 



V 



\ 



\ ' 

\ 



I 







I 








I 







I 









«r T/a/7^ 



/c. 







m 



# 




f 







■ilia 



■■■■■■■■■■■■■< 

■■l■HB■■SiS■■■ 8 ■■UiS■■■|allS 2 S■SS&■■S■ 



■■■■■■■I 






iaaajjMBi!iiaiiiii!iiif!iifiii!i 9 iiPiKS 8 i 



[■■■■■■■■I 

■■■■■■■■I 



■■■■HBBi 

■■■■■■■ 

■■■■■■»H 



■■■■aaiiMBiaHSHNiaiiHiBHBBMBMBH 



IBI 

iBBaiBaaBBB 
rBBBBiBBBil] 



■■■BBBBBBBBieBBBBBriBBiBBaBBlBiBBBBBBBBSKBSKBBBa 




liBiBBaBiBBBBBBBiBBBBBBBBBB 
IBBBBBBBBiBBIIB 



IBBBriBBBBBBfi 



IBBi 



BpBBBBiBBiBBBBBiaBBBBBBSBBBBBBByiiBBBBifiHBBBBBHaMMBBBBBBBBBBKBWMBBRflBBBBl 

BgQSSBBBBflBBIlBBBBBBBBSBBBBBBBBBfjEBBiBBJBHBaBBBBBBBifBBBBBBBBBBBBaBBaflBBBI 




EBBBBBBBBB 
IBBBBBBBBB 

IgiSSSBBBBB 

IBBBBBBBBBBBBBBBBBBB 



|SSSHg:KSSgSg 8 S 8 SS««"'««« 

BBBBiBBBiBBBBBBBBBBB 



tBBBBBB 
IBBBBlfl 



jBBBBBBBBBi 

BBBBBBiBBl 



riBBBBBB'JBBIliBBBB 
BBBBaiVBBBBiflBBB' 
iKBBiBlKfiBBBBBBBBBjjiBBBBBBBBBB 



Iggggggggsggggglfigggggggggggggggggggggggggggggggigggil 
i»SSSSSI2SS3Sli»SS8SSSi;»SSS8:SSS3alSHSSSS2U»S^^ 

uns« 9 mi::ii:Si^HR iSsTd^ 

■iBiBiBBBBBBBBiBBBBBBiBBriBBBBBBflBBBBiBiiBBBBfe 



iBBBBBBilfBMBBBBB 

IBBBBKBBiBBBBBBB 



BBJiBBBBiBaiBBBBi 

’ 'cr _ _ 

BBBHBBBBBB MBB flPilBBii 

SllHBBBBlii 



■■•■BBBBBBBBBBBBBBBBBBRBBriBBBBBBfIBBRBiBiiBBBRfeaBflBBBMBBBBBBBBBBiBMBBiiii 

l|iiS3SSSSSSlsSSSS3SSSK3S8SSSS3SSSSSSSSSSSS8SSSHSS8SSSSESSSS3SSS8Snli 




inmm 



BiflBBBBiBBRBBBBBBB'JBBBBaBJIBMBBBBBBBB 



■BBBBBBBBiiBBBBirBBBBBBfiBBB 

BBBBIIBBBBBBBBBBriBBBBBBfiBBBBBBBK/:fEZ£a 
iiiiBBiBBBBBaiBBBBBaBBa^ilgBBBBBBBBBBBBBBBBBflB 



■■BBBBBBBBBBBBBBBBBiBBfliBiiBBBliBBBBBfltaBi 

■BBBBR^B 9 BBBfl!:a«B»BBBBBBBBBiBiBB|iBBlMiBi 8 ! 



>BBBBBBIBBBI 



?BBBBB 



iBBBBBBBBiBBBBBBfiBBB 



IflBBBBBBBBBBBBBriBBBrrfBriBBBBBBBBBBBBBBBBBB 

! 9 !iBiii 9 B!Bl 9 i^i|BB 9 aBBiaBBBBBBBBBBBBBBBBBilBB 



■■■■■BBBBBBBRBKBapBBflBBBBBBBBaBBBBBaaBffBBI 

flBBBBBBBBBBBBBBiiliBBBBiBBBBBBBBBBBijIBBBBI 

iii!BiPB!9i9B9Bi9BiBBBBSBBBBBBBBBBBBiBiBB 



!ii 9 iiiiiiiBiiiiiiBBiiiB!lfi 9 iiiBBBB 9 B 9 aBBiBiBiiiiBiiiiiB 88 ggBgggggggflgSgg! 




Ilgggggggllgggggggggggggggr^ggggggggggggggglgggggggggggggggggggggHgSggHg 

?iSBiiBlii! 9 !ilB!!!(l!ii!!Bii!iii!B 9 !ii! 9 BiBBlBBiBBBBBBBBBBBSBflBBBB!BBBf 5 i( 



IjBBBBBfli 

lii 



PBBBBI 



BBBBBBBBfJBBBBBBlBBBBSBBBBBBBB 

iBBEBBBBBBBBBBf.BBBBBBBBBBBiBB 

iiiRBBiriiBBBBBfiBBBBBflBBBBBEBB 



BB 

_BB 

■■■■■■■■■■fJB 



BBBBBBBBBBBBBBBI 



■■BBB|BBBBBBBBBlflBflB9BI.*JBBBBBBBBBBBBBB 

■■■■■■■BBBEBBBariBBBBiMMBBBBBBBBBBBBiBB 

BaBBB|BiBBBBBBB:|BB 9 aBB'i!!JBBBBBBBBBBBlBB 

BQ!:iSr;iBBBBiBBBBliBiBB#.BBaBBBBBBBRBBBBB 



■■■■■BBBBBBI 

~ BBBBBBBBBi 



S!S 5 SSiSSS 595 !£fiS 95 SSi^i 5 *ii***"* 9 P"*»i»" 9 >BBiBBBBBBBBBiiiiii 
|■BB■B■■■B■BB■■■B■■■■■fi■BBB■■■■■■R■BiBBBflBBBBaB■BaBBBRBBa■|IBB■■ 



■■■■■■■■■■■I 
BBBBBBBBBBBBBBBBI 




IBBBB 



^ iBBBriBBBBBBBBBBBBBBBiBBBBBBBBBiBBBBI 

9999 !iBi 9999 fl 99 B 99 f; 999999999 B 99 BSBBB 9 B”BB*B*""»*&*">"""***i*B>i*ii"*Biii 

_Bn^.n^f|!Bi 9 ai^i 9 BBBBaNiBBBBBBBBBBBBBBflBBBBBBBBBBBBBBBBBBBBBBBflBBBB 8 BiBBBBEBl 



R BB 9999 EB 999 'i 9 B 9 S 999999999 EB 99 B 9 BB 9 aBBBB*"i*”"*""Bl»i"*E>»""»i*"«""B"> 

■■■■■■BBBBBBBBBBBi'.BBRBBBiiBBBBBBBBBBBaiBBBBBBiBBBiBBiBBEBBB 

■BBBSBBfiBBaBiBriaBBBBBiBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBiBflB 

aaaiiBBriBiBBBBlBBBBBBBiBBBBBBBBBiBBBBiiBBBBBRflBiBB 

iBBBBBBRflBRBBBBMBBBaiBBBBBRBBBBiBBBpBBRaBBBBBBBBRNBXBllB 

BSSBaiBBBB 9 B!if 9 ! 9 B 9 PiBii>i! 19 iii 9 Bi! 9 B 9 BiBl«iBiSB$BE 5 



lilai 



■BBBBBBBBIBBBBBBl 

BBB 



■BBBBBBiBBKf. 



S ” 99 B 9 'i 999999 B 9 BB 99 B 999 BBBBB 99 fi”*"B*****»*"i*">*>i*iiBBBBiiB 
E 9 iBI 9 S 99999 SE 9 SBBSi 5 SBBBB*B*B>”"**iOB*BB*>>**"*"*iii**o* 9!9 

B 9 £!^‘iiiB!!BB!!i!i!!iii 9 !BB!i 9 BBBBiBBBBiBiBBRBBBBB|BBBRiBXB!lBl 



■ ■■■BrjBBBBaiiBBBBBBBIIBiBBBBaBBBiaBBi 

S*”8SggSlgBBgggagggg--"”-~-”~””**^ 



■■««■■ 

BBBBBBiB 



llBBaBH 



■■iBBBBRBBBBBBBBBRBBBBBBBBBiB 






SSSS 8 SSS» 8 S»BSSS 88 SSS»»:»ai 3 S»SSS»HSSSH 5 SSSH 

{S 888 |l» 888888888388 S 8 SS 8 S 88 SS 888888 S 88 S 88 S 88 BB 88 |SS 8 B| 88 S 8 H 

SiaBaBaBaaB! 

■iBBBBBBBBBI 
liBaBBBBBBfl 
IBBBBBBaflBiil 



BBBBi:saBKaaBaBaBBBBB 9 iBBBaBBBaBBBBrJ|liaaBBaaaaBBBaflBaBBIIBBBflBBfBlfBIIBflBa|BB 

i:: ~iiiBflBHiS«BBBBBalHBflflBBiBBBBBaiif>BBBiiaBaB»BiifaBaaiB|BifBaiaBBiBil!i 
BaaBBPBaBBi|BaiflBBfilliBBBaBi«BflBaHBa 7 IHBK|€aBiNBi«BiBBBaiaBliBBBiBliBB| 
BMiBjiaBaBiiKBiaBaaKBBBaBriBaB'iBaBiaiai 



IBBBBI 



laBBBBga 

^ laiBBB 

iBBBBBBaaBflMaBg mmmm 
iBiBaBBBiBHBaai bbbb 



rBaBiaaaBBBaaaaBBBflKBBBBaaaaB 
iBfliaBBBBiBaBaaaBaiaBBiisiaaBa 
(MBiaaaBBaaaBflaBBBBaaBiiBBBaaBBB 




BaBBaBBBBBflflflaBBiaaaBBB|ll*aBBB___^ ^ 

ifeBBBBBiBBBBar^QS’^aBiaBaaBaiBBBBBBaaBByiBaBaiiMaBBa 



. ^_afaBBaMBiiBBia& 
BBBfiaiBBBiaBaai 
BBjgiaaaaBBB 
BafaaaBBBaa 
BaaBBiiiaH|aaBw 




IBBI 



BaBaaaBBiaaaaBBBBBBBBiBBBBB 

aaaBBBBBiiBlfaBBBBBaBiBaBNB 

iBBBBBBBBiiiaBaBBBBBaMlBBBBB 




I BBMBBBBBBBBaBBai«BaB 9 BBBaBBpBBr«*TBBVBB§iaB«BBBBBBBBaBflBBBBi 

BBBBBBBBBnBBBBBiBaBBBBBaMBBlaB9BBBriBaMaaiKHBBBKiEBffBBKBBBiBBBB 
B8BBaBBBBaiBBBCaBBBBBBB5BaaaBBiriSiaBfliBBBaBHBBN||BBIIBBBBBBaaBR» 
nBaBBBiMaBBBBaBBBBBBaBBBBBfiBiBfiBBflaBBBiiBBBBBiiRBBHBiBBBiBlIBByiaBaBBBBN 
.B«iBilBBBBBaBBBBBBBBBBBBllBMBBWBfl'£aav.aaHBiBSBBilBRfjtSlBMiiBaBiBBaBBa|«BBaBBB 

faBBBBBBBaBBaBBaBa«BiMBBIiaBBiifiBa«fiBBBIIMiiBBBBMaBiBB»BaBBBaBB«fliaBBBBBBaB 
HjBBBBaBBBIIQriS!^BBBBBBBBB«BBBirjaBBBBBKaBlBBBa«BBBBBaBBBBBBBBBaiiBBBBaMBBB 

t BiBBBBBBBBiBBBaBaaaBBaCBaBBBB'iBBViflBBPKIiaBBBiBBVBBBBiaaBBBBBliBBBlPaB 
aiHBBBiiiaillKPBBBBBBBBWMiBNaaBBBrjillifSaaHBBiiBBiBBBRia 

BiBBaBBiiaaaBaiRBBBBiBMBBaaBViiBBfiiBiliiaBBBaaiiBaiBBBBBB . 

lBBBBBBBBiBBiBBlRaBMBiaiBBBBariiaBaBi|SiBBBBBBflBBBBBBlliBBBBBMBBBBBBB|lBBffB 
lBlBBBBBaiBlliliaBiMIIBaBBBflBBB«'i»IBfRBailillia8BBaaB8aaaMBBiMiRBBBBaB«iiiiiiiiai 
iaaSBBBiiBiBBBBiiiiflBaBMBaBBaKSiBiBriBBa 

C BflBBBBBaBBBBBBBBBBBBBa 
BMaBBaaBBBBaiBaBiBBBBB 
~ BaBBBBBBBBiBB 



aBBBft!!IBaBriBBaBBBiaBBBBBaaBBaBaaaBBBBiiVi«||BBBaB!BaiaB| 
BflBBBaaaaBBBBBBBBBBBBaiiBBIfiBiB'iBj|flBBBBBBa«BBBflBBBBBBaiiBaa;iB8aBBBBBIiBiii 

i- e iiBBBrJBiBa«f«aBBBiBBBlBBBaB18BaaaB ““ 

BBBaBBBBBBBBBBBl 

iiBBBaBBBBi^!!)n’^iBBaaBBBaBB«BBByiBBKBBBflB«MBBBBBflBKBaiiBaBaiBBaaaBBBBBBBBiBB 



BB 

BB 




BBiBflBBBiiBBflriBBBBBiBiBBBiillBBBBBBHBMBBlIBBBBBfcMBBIiMBMKiBBB 
BiBBBBBiBBBBBBBBy,«BBBiBBBiBBBiBBBHBi9BBBBBBBBBBiBBBBBiBBf 
’f^iflBBBBiBflBBBfiBByiBBXBBBflBBMBBBBBflBKBBiBBBliiBBBaaBBaBBBBBi 
■ilHBiliiBBi;BBBBBBBBBBaBBBBBHBr'!lBB'iB«BBBBBBB|i«BB»ilBBNBBBBBBfl«BBI 8 MeBBB«fllBBBflB 

■■■■■■^^■■■^■■■■■■■liBaiBBBBISBBfiBflflaaaKiSBBBMBillBBBaBBBaBaBalBBaRBBiBBaBKai 

BaBBBV.iBariBBBa«a«BBBBS<aiiaif9Me!5Bfl^BBiBBBBII»MBBBaBaBaB|l 
BBMaBriBBB'iaBKa«i«BBarBr>^^ifSBSaK!^^riBr^a>^'a'SiEoiBiBBfliBflBaBB 



J aaBBa ^ , 

BBaaiaMBaaKaMMBai 

aaBaaaBa^aaaNaaB aw 



aBiBaaaaBNBaBiniiBBaBaBMKByiaaB’iBaaBB 

BBiaaaaa'isBBa^eiq^RBBaBBBBBfiaBaBBBaaB* 



ABfBBMaa'IxaaaBBaaBaaBBBKaaBBaaBBBli^iBaBBBf 

'iBBBaaBKBaBriiBBBaaBBBaaiaaaflaBBBBaBBaiBiri 



BBBH 

BBBa 



iBaBBBBBBai 



t aBBBaBBBB 

aBBBBiliii 



ai 

iaBBBaBBa;ag 99 K 7 >'q*?£BBaaiB|iBBaaBaaaBaaafa 
iaaaBBBaaBBaaaBB«BaBBaBBaaaiaBaaBBiaeiaaaBaBBaBB«B 




I aaBafiBaB'ABi;Ba 9 BBaBBBaBBBBB|BBBHBancBaBB|BaB|RBaBaB||BaB|fai 

BSaSaBB*SaaaSBaSaBBS»BBBSSBBBXBaaSBSBBB 5 SSBBl 5 BaaaBBaSBSf 

88888 S 8888 SS 8 S 88 S 8 S 8 SS 8 r;S 88 S 88888 S 88888888 SS 8 S 88 S 8 S 8 S 8 S 88881888 S 8 S 8 S 8 S 8 SSI 

■iBBBaaBBBiaBBBRBaBfiaBaBBBRBBBBBBBBBaBBBBBiBBBBBaBiaBBBaBBail|BBBaaaaiBBBBB 

■BaBiB|BBBBBBBBaBaaBBBriBaBaBBBBBBBaBBBBBBBBBBBaiBBBBiBBa|BBBaiBBaaaaaiMiail 

i BBBBBiaBBBBBBBaBa'iBNaaBBa 8 BiBBaBaaBaaiaaBBB«BaaiaBaBBBaaKaBaiaBaBiiaBiKfp 
aBBBBiBBBaBBBBaaaiBariBiaBiaaBBBBaaBBBaBBi!BBBBaBBaiaaaBB 
BBBBBBBaBBBNBB«Bi'>jaafiaaaaiaaaBBBBaaaBBBBBaiBaaBas||BBB| 
aBaBBaflaBaBHi!^.’n!sayiBBB'aBBBBaBaBBBBaBBBBBBBBBiaBaaBaiiBBBi._ 

aiBiBiBBBaBaBBBglfiBBVaBBBBBKBBBBBBBaaBaaBaBBBBaBBBBBBBBBBBBflBBaaRBaBBBBBaB 
alBiBaBBaBiBBKBiiaBByi'BBBBBBBBBaBBBfBBBBBBaBBBBBIliBaBBBBBiBflixiBBBiaBBaiBfi 
BBflBaBBBBBBBBBBar/flBBflBBaBBBBBBiflBBBBBBiiBBBBBBaBBflaBBBBBBBBBBiaaBaBBBBflifB! 
BBBBBBBBaBliaBBaifiBBB'aflBBBiBBBfliBflBBBafliflBBBBBaiBBB 

BaBBBBBiBBaBBflBi 'iBBVBBBaBiBBBaaBaBBaaBBBBBBBBBiaaB^. 

BMBaBaaBaKaBBaBiiBBriaBaaaBaBBaaaBBaKRBBBaBBBBBiiiBaffaBBBaBtafiiaBBBaaBaafB 

C BBBBfliilflBBBiMBf aBBriBBiaBBaBBBaiBBBBaaaaaBBBBBBBBB|^BaBllBafBllflBfl|BBBBflIij 
i»BWBBBBiaBiBaria9iaBBiBBBawBBaiaB&aipaiBiBiiB|BiilaBBBflaBi|BBBBi»aiapRB 

S ilaBiBBaiaBflBBiaBaBBBiBBiaBBBBBBBifliBBiBBBiaiiBiaaaBBBBBBiiiiaaii ~ 
KBBBiaiBHBBBCorr^iflariiBBaBBaaBicBBaaflBaiBflBBBBiBinaBaBaBaBBBBflBBi 



[BBBBiiaBaBBaBf^l aWflBBlBBS 

l■fa■SaBa^‘“ 



>*?iiBaKaBi 




linaaa/ 
j|aiaii 



BBBBBSflBaBaMBBflaBaBaBBBBBaaMaaBBKBBBafl 

aBiBaaiiaBBBBaiaiRBaaBBBaBsypiBBBaBBaii 

aaiBPaiiiHaBBflaaaBaaaaBafiiaiBBaaawaaiB 



aiai«i|l|BB«/L . . 

iaBBalMfiraai Ml 



liPaiiaiiBaaBflaaaBaBaaBiifiii 
[aajcaiBia«iBBaaflBaBaBaBiB|i 
tKBBBiiiisaiiiBiaaiiiaBBBaaiPi 



BBBj 

aar 

aaai 

aaBBaaciiMiai 



!I 88 S 8 S 88 



BaaaBiii«iaaRa«iaBa|a§|faaa 8 iaBaaia| 
aaiBBBiaiaiBaaifHaiaiiaaBaaaai jaKI 

8:3S38is8B8e8:d:ssii8CSs|hl8!8S 



aaaaaaaianiiMfs 

iiaaaiiBHaigaaii 

[usldiESus:! 



MaS|aaSSaS 9 |aSa|aaMlla 8 aaiiBaii 

ibaaiBiaBBiraiBBaaaaHBaftaaiiiiiaaai 



laaaBj 




laBBaaaBBaHi 

iis;cisi||8i 

j|BBaaiiiaBi 



!«■■■■■ 






■■■■■#■«■■■■«■ 




MMBHI 



i»SS8HKSiSSH»8SHi:SSSHiiiisiiifiiiii 

ilBflBBBBBBBBBIBBBBBBBBflBPH>MM"<"»« 




BBBBflBBBBBBBBBBBiflBBii^^ 
BBBBBiBBBBiBBBBHBBiaMBBfiKBiBI 
_ iiaaPBi 

K bbbbi 

BBBii 

— BBlIllBi 

BBSir 

B«l 

_BBI 

BMflflBBMBiiBI 



BBBBBBBI 
BBBflBr~ 



8f;SI8SSSS888{S88SSSaS88SS888SSS8 

ipaSSSiH SjSSSSaSiaHiBg 

VVBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB'JBBBBBBBBBBBBBBHBBBBBBBBBBBBBB 
BBBBflBBBBBBiBBBBKBBflBBBBBBBBBKBBBBf.BFiBBBBBBiHBBBBBBMflflBBBflBflBflflBB 



liBBBBBBBBflflBflBBBBBBBiiiBBBiBBBKBBBBriBrjflBBBBBiBBBBBBBBBBI 

te[IHBBBaia!ESHH ffii5BSeBf!a^^ 

iiBiflHBBBasriS^BBiaaMHBHBBKBaBBaB'jB'jKSSSSHSSSSSSSESSSS 



BaBiBaSS 

Baai 



mmmi 



iBaBBBaaaBa- 

i....Mj!ili 88 BBailB 8 BlB 5 aSS 38 aiHH K 8 i 88 SaSBB 5 iBBBiB 

iBaBBBaBaBaaBaB“*"*""""""“"""""""“““'““—“*““““— 

iaiiBBBBflaaBBB 

BBBi»BBB^-----”-----^ 

' IBBBBBB' 
fBBBBBB 

iBBBlBBBBBBBfliiiii 

IB 



IBBBBBBBBBBaBBBBB 
IBBiBBBBBaBBBBBflll 
liiiillBBIBaBBiBEi 
iiiBiaHaiBBBBBaKi 

|■iiii■■ 8 SSS 888 S 8 SSi 8 S 88 iiiiiiiiiiRiiiiiiiiiiiS 

H888i8SS88^gi8SSSS8S8S8S8SSS88S^ilS8S888SU8SSs!8S8l 



BB 



•■BBBBBBBBBBKBBiMaHHiSHSIBfliHaiHiBBiHiH 

BBBBBBBBBBBaaaBaBMBaaaBBCBBaBBBaBBBaaBflflBB 
B.Bv/BBB.B»B«i«.Mi||||aBaBBaBBBBBBBBjHBBBBaBEBr" 

aBaaBBBBBBBBtaBBBBBBBI 
aiaBBBBBBBBaiBBBBBBBBlB 



IBBBBBBBB 



I BB_ 

BBB 

IHBBB 

[BBBBBBk^BB 
BBBBBBL^Ba 
iBBaaBBaaB 



88 l 8 S 88 esri 8 S 8 SS 888 S 8 S 88 SSUBS 8 S 8 & 8 SS 8 SS 8 SSSSI 8 S 88 S 

iS!i!B!«!«il!lii«!!!!!iS 8 S 8 SS!!SSSB''SSSSS 8 S 8 SSHMMiS 

KBKiBBBBaBeP 

BrflfS 7 r 3 ’?fi 3 r>« 

B BBBflBBflitBB 
BBBBBBaiiBRI 



BHBB|aBBaBBflBRBL'RBBBBBB 
IBRaBliv^BBBiBBaiBBaBBBBB 

BiaBBB^^aaiBBBiBBBBBBflBaaBBi 

Slu 8 fliBBflBRBSRSBBBSSB!-!S*!FJSSSiiS 5 SS!aS 5 ^! 99 i«SS»^ 



U'BBaBliBflBBRBBBBiiBBBBflriBfj»RiBBiBBBRBBiK 2 g?||jC 3 KU|rJr^ 

■aaaaBBaBBBBflBBfJB'JIBBBRBMBBBBaBBaBBBBaBl'*Bia:tfflaBHBMBgagaBBaBB| 

5ss^iiiiiiiiSiiiiiiiii8SSKS88S88»8883^iN8Slli» 

gi8ri8^SS88B8S8SSSSSS888i^» 

““IBBaBHBBBBlBBaaBBBaBBBBBBI 




■■■fiS!SSS&SB!SS!S!K!fJi8!!SSSSSS5SSSS!S!9S5S5S5SS5"*i""*>""«>»"«*flBflBBflBflBi 

iBBBBBBBBBSih^SBBiBBIBBBi'laPPi^aKBiBBI 

IliaBBiBBBteBSBBBiBSLHSBiiBElB-BadBb^^ 



laaaBB 
IBBBBB- 
IBBMB 




J 8 S 88 § 88 sisSSS§B 8 »iiS 3 HSHB§l 5 « 

BEffiBBBBBgBEBflBmsafelSBi 



Bia«|JiBBiiRlB!iiBBBaiaia 

gaaSSa 



KaaBBBBl 



laaaaBBiB 

IHB 



iBBaaiiBai 

EBiBBaaij 



"r8S88iS88S8888 

BayiBaBaBaaRB 



IBIisBUSlB'jib 



IBiiBiglllHIgSiifiBHM 



/^arr 



■iiiimiBliaiiiii 




8 _ _ «B«aaaaiii 
aaiaBaaKaiaaBaa 
BvaBBBBMBiaaaiRi 

BBBBBBBBBBBaflBBBBBaflriVJMBBBBiiBBBBriBBBBB'lBiaBBBB 

BBBBBBBBBBBBBBiBWBBBriBBflB'iBBBBBBaBBBBBBaaBBBBB 
iBBBBBBBBBBBBaiBBaiB'flBBlBaBBBflriBBBBBBBBBBBBBaa 

BBBBBBBBBBr^iBKBBUBBaaiBBflBBBBBBBlfBBi 
laaaaaBBBBi 
iBBBKai 



IBHaBPBaBBaaBBaBBaBBBBBBB 

IBBaS»S^!"aaBBBiBiBafBBaBB 
IV.BBBiB'JBSEaViBaiiiaBiiBBBB 
IBBiBBBB 
IBBiriBBB 
ifaR'JBia 

■i 



BBRBBBBBBBBBBBlBBia 
BBBBBBBBailBBBaBBaRiBaiil 



SaBBiiiBiiiaaii: 




•BBBBBaBBB 
BBBBBMRaag 



viiiiiniiiiiiiiiiiBiiiifliiiliiiiBiiBiSBS 



IHBB 




saaBBHBH 

Ibbiibbb- 



■■IflffBBBL 
RBiiBBaBBBBBi 



lEaBBaBBai 

■iaaiiBBMa . 
i|BBBBflBBR 



RBB 
BBB 

aaaMBi 
BBBBai 
BBBBB 

^ BBlaBlBBapiaBaBBBaiaaBiaaBBaiBBaBiBBlBBBaa 

BaBaaBXV.BRafABaBBBBiBBriBtfiBaaaBBaBBBBaaaBBBBBBBaBBBBaBBBBBBI 

^ BBBBBBKaa'iiBaflriaaBBaBBfBaBaBiViBaaaBaBBBBBaB 

BBaaBBBBBBBBBriBBBBBBaiiaaBlfiB' 

BBBBBBBBBBBKBViBBBB'BBBB 
SBBB|agBBriaBiBBBfli 



IBBBiBBBBaaB 



If a _ 

laVi'BBaBBaaaaiiBaBBBBaaBB 

iBiiBaBBBaaBBBBBaBflaaBBaaaBKi 



fi|BaSBBBBBBBBB«BBBiiBBBflB^«BBBBBBaBBBBBBBWBaBBaaBBBBaBBaBBBBBai 

BBiBitilBBBBBBBBBBBrjiBBBBBVBaBBBiBaBaaBaBBBBaBBiBaiBBBPBBBiiB 
aBiaBBBBaaiBBtiBBBBffiaggBjRBBaaBBiEBBBBBBBflBiPBBiBBBBaBiiiiBBB 




iBBBBaai.. 

fBBBBfBBEBBiaBrJBBBBBBBllBriBaBBBB 
liaBBBiBBBflBBaBBill 



BBiBBBBlia 

bbI 



!bbbb 

IBBBB 
laBBBBB 



BMBBBflBaBBBRBaBBBBBBBflBBBBBBllBHriBBBflaBBai 

RBaBBBBaBBBaaBBaBfij^ir^RBaBiffiaaBBRBBBRBBBBBI 



BBBBBKBBRBaaaBaBBBBBaVBV.BR 
BBBB|iaBBiB»BBfi“ ‘ 

-- i - - - 



IRBBIiaaBBL 

laBBiBBaaf 



BBBBfl 

BBBBI 




SBBBBBBIiaaiBBii 

iBBBBaBBaiiiaBRBaBBan 

I BB|BBaBBBB 

•aSiBBBBRaB 

■BiBBBBBBBB^ 

fi iBBaiaBaMBaaBRaaBttKKiBBBB»BBBBflBRB 
BBBBiBBBBBiBBBBBBKMJiBIIBa'IRBBBIiaBE 
BBBBBBaBBBaaBSBBaBB^Irli^JHBailBBaailflBB 
BBBBBBBBBBBaBBilBBBBBail 




^ai , 

aBBBaBBBBai 

BBaaKBiaaBi 




IBBRBBBBBBB 

ilaBRBBBaBiBaBBBBBBBiJaBBKigaBaB 
liaBBBBBBiBBBBBMiBfliltiyDiyBil.BBaB 



IBaBBBBBBRBBflBBaBailBBBaaiBBBBBaMailBBaBBaRaBaaBBa 



iBBaaBBaBBaBBaBaaaiiBaBB 



S acMBBRBBBisr^BaaBi 
BBiaBBBBiBBaaicii 
BPBBBBBMBHBBBBBBI 
MBRBBI 




BBBBai 
BBBBI 
BBB I 



IBBBBBBBBBBBBB 

IBBBBBBBBBBBB' 



^ ^ .^BBBBBBBi 

BBBliftBBBBBBBMBaBBEBiBBBBil 

BBBBBBBBBBBBBBBBBBBEfliBBBBBBl 



S BBBBBBBBBBBB 

BBBBBBBBBBBBBBBBBBB 




IflBBBRBKBBBBBBBBBff.BBBBBBBilBBRBBKBBRflBBBBBBBBiBB 

iBBBBflBBBBBBBBBaBnBHBBBflRIlBiBBBRBBHBBBBBBBXBiif 

IBBBiBflBBBBiBfliBBriBBBiBiBlIBBBBBBBBiBBBBBiBBBBBB 



BBBBBBflBflBBBBBBBBlIBBBBBBBBI 




IBBBBBBBBBB 



flBaBBBBlIBBBBBilZBBBflBBBflBBBBBBiiBBiBBBBBi 

Br»BBBBB^.^flsss»sii:sHHsssss:ssi»^^ 
EHSgSS:»iS»8SS»K^ 

IBBBBB 

IBBBBl 



BBBBMBBBI 



IHBBHBBilBBiBBiilBlIBBRiifl 

^'.BB 



BBBBBBBBIIB- 
IBB 




IBBflaBBBaBiBBBlBBBBBBi 
iBBiBBBiBBBBBB RiBflBBB 
iBBBiBBiBBBiBBBBBBBBB 



IBljgMB 



KB' 



BBBBB 

WBiBBCBlI 



BBBBBBMI 




S BBRBfliBiBBBBBBBMBB 
iBiBBBBiRBBBBBBWii 
BiiBBBi liBBBBBBBlIBi 




aissssss 

ia^BaiBaBBaiiiiaBaM RBBaaaxai 



irfBBBaBaaaBBi 

iflBBBBBaaBafl 

lai 





al 

BBai 

BBai 

aaai 

BBBi 



■j 

BBHiBxaiaiiiaaBBiBBiiBii 
iiiBMBBiBBBBii 



BBBBBBBHBl 



BBBBBBBBBBBaBBBMBBflBBBriBBBBBBBBB'lBBBaBBBBBBBBIIflaBBBrBBBBBBBBBBBBBBBB 
BaiBBiiBlBlBiiaiBBiia|Br|IIBBf/aBBB«aaHBBBiniBBBBatBaBBBBaaiBBBiBBBBBBBBa 



aiiiBBiiBiiBfli||aiiiBiii 



K BiaBaBBiBaBB*BBBBB«««BBB'ilBBfBrjaKBBBaBBBBaaaBB|IBBBaBBflBflBMBBaBBBBa 

aaaaaaaaaaaaassaaaiaaaaaaaaisaaasaBaasaissaaiaaaBBaaaaaaaaaaaBiai 



Bsan 

iaaaa 



IK 

jaiflBBBBBaBBBBBiBBflBBii’iiiBBBMBBVVBBBBBaiB 

luiJaaaaaaaasaaiiaaa’iiaaaasaaaaasaaaaasaaaaaaaBai 



aiKaaaaaaaaaaaaaaaaaaaHaaa&ssaaaaaaaaaaaaaaaaaBssaaaaaasaaaaiaa 

ililaaaaaaaaaaaaaasFiaaaiiaaaa’jaaaasaaasaaaassBaaaaasaaaaaaaaaaaaaaaa 

iBBBBBBBBMBBaaBaBBKfAMBa'IBBBBBBBflBaBBBBMKlBliBliiaXilBBiBBiiiiiiiiiii 



iBBBBBBBBMBBaaBaBBKfAMBa'IBBBBBBBflBaBBBBMKBBBMaali 

:SHSSIBS»SS 8 SSSS 3 »SSS 8 SS!SSSiS^ 



S BBBBBBBBBfla 

RiBiBBaBBiH 



BBKBBBBBI 



liiKKaRBBaaBflMKBBRV/BaBBlIBBBBaaBaiBBKaBaBaBBBBaaBBBBaBBHBBBRBBBB 

FSSiBBBaBBBBBBIj«aRliKBII»riMBRaBBBa|BBBBBflaaBBI|BBBBaaaBBRBBIIflBaBBB 

aa5saBBBBBPi?.B»BBB;iBBBB'IBBB«iBaaiBBBBBBBBBBBaBBBaiflaBBBBBBaRBaBR 






iBaaBBBKII 

^"'•,8388 

iBaBBBBBa^ 



mmummmmmminmmumtM 

tBRiBBBBBBlirBiBCBBIIBB 



BRBBUaBBaaBBBRaBBBBRBBBBaBBBaBBliBBBBBBBBBRIfBBBBBaB 

B|BB!iRB«a|S 8 R 8 BBBBBBBSBaBBRBBB|BSSS^ 

^^-"iSSSSSSSSSSSSESSSSBSSSSSSSSSSSSS&SSSSSiSSSSSSSil 



BBBBBBBBBii^iBB&’^BruiaBBBailBBBBaBBBRBBBBBBBBBBBBBBBBBaBaBBBaBBBBBlIBBBBBB 



IRBRBBBBRanai 



iRBSaBBiaiiaBRBBaBBBBaBBBBBMaBEBBaBBMaBBBBBRBBBBBBBBBBBaai 

iiiiiiiiiiiiiiiiiiissSsESSSi.SSSSSiSSSK 8 SBS 8 S 8 SS 8 S 8 SSSSSSB» 8 ^^^ 

8BBBBBBBBBBNaBBB!u3BliaaiaBBBIIBBaBaRBBBBaBBBBBBaBBBBBBBaBflBBBBBBBBBBBBBBBflBBB 



BBBBBBBBIBaiJaBBBBBBilBBBBBBII 
aBBBBBBBEBBFJaBaaaiifiBBBBlBi 



BBBBBBBBRaarABBBBBB 

BBBBBBBBBBBIBBBBBB 

BBBBBBBBBBBBBBBBifeBB 



BaBBBaBBBBKiBBBBBBaB 
aummmnmmMmummmmummm 
iBBBai 



8ilflBa8BMiaBBBBflMBBBRRaBBBBBBBBBaBBRB8BBBiBBBNBKagBiBiBB| 

BII|IBRBIIBMaKBflBBBBBBRiaBBBBBSBiilBaiBiiiiiiiiiiiBBi|B|BB| 



f BBBBBaBBB 
RBBRMBBBB 




i!§i 



&IH»SSKSS;sd»SSSSSSS»S»»«»»SS:»slHSd»S8S8»^^^^^ 

KBaBBaaBaBBBalaBBalaaBaaaaBaaBaaBaaaaaaaaBBiaaaaaa^aaaBaaBBaiai 




BBBB 




■ISBISj 



iiiiiiii^SS8SSSi8SSSiiSisd»SSSSSSSL«..iiii«^.»..». 
1181 



!s888SSS88ISS888SSS»S88SSSS»SS88S8S888ii&|isi888SS888SSS|gSi88S8SSS»siil 

^SSiSiKlli 

^"BBBBBBlBBBBiBBBBBBBBiBBBBBBBBBBBBiBBBiiliBBiflBBBiiBKBMMiB^BBBflBBBiBlIBBiil 

|S8S888SS!S88888SI8SS8g3S88S83BS8|S888S8888S88SSS!IUSSS8pS|88SHBSSi!ag!! 
l3838SSlslsS88SS88fiS38S88S388!8Sig5SS8|iSS8S|88Si|ISS838SSSSiSS|3issg38S 

iflBBBBflBBBflBSBiBBBRIIIiaBBBBBBBMBBBa^iBB»a||BBBBBBBBKBBBKiiaBBBBBflBBSBBBBfii«Ba« 
BBBBBiiBBBBBlBBBBBBBBBBBflflBSBXffXlIBBBBliBBBBaaKBBBBBBBBBBBBBBBBBBBKBaKBBBI 
BSBSBiBBiBfliiBBBBBBBBa|BflBBBR>«tVJRaBBBBEBBBBBBiBBBi;flflBBBBBflBtfBBBBB^^ 
BflHBMiBaiflBBBaiBBBBBBBRBBBiBir r^BBBBJBXiiBBBBBBBBBfSBBBBBiBiBBBBBBlIBBBBBBBBI 
iSiBBlBaBBBBBBBBBBBBaBBBBBBBa'>:BBIiBBK«iaBB«BBBBB>>SBRaBBBBBBiBBBBBiiBBBiiDfi 
l^lBBBBBBBB«BBflBBBBBBBBBBBBB0BBBflaflBBBBBaBBBBB^BBBBBRBBBBBBB»BBBiBBKiBBBI 

■BBBBBiMBiflBiaiBBBMiiifiiBB^iiiii! 



ai 



BBBB 



IBBBBBB! 



aVBBBBiBBflBBBBBBBBBBBBBBBBJVflBiliBBBBBBin.'jKBBRBBBBBBfBBBRflBMBBBVBflBI 
iBBBBBfRBfliixBBBBBBatBBBRB^BiflliflBBBBBBMRBBBBMBBBBBiBifliiBBiBBBBiBL..^^^. . 
llBBBBBBBBBBBBIlBBiXBBBBBBFiBBiBiBBaBBIiai^BBiBBBMBBBBBBfliBSBBBViBBBaBBlBBBf 
iflflBBBBPMiaBBBiBiBiBBBillJBBBBiBBBBBflBCtBKiBBKBBBBBBiBBiBBBiBBiRSiBBBBiBiiSBa 
aBBflBBSlBflBaBBlBBBiaaiBriSaBBBBBBBBBB^BBxiBaBBBBKBBBBBRBBiBBPSBBBRBBBBBlBBI 




BBBRiBBBBBBBBIB 
BBBBiBiaaBBBBII^ 



8SS:8888838S33SS:S38SSS83S8SSgl!3p38SS8S8SSSS83S8SS8|„„„, 

BBBHBBBBBBBBBBBBB^BRBBBlBa^iBBBBBiilBiiBiiB^gBifliBBiBBiBiBBBiiiiiBiBBBBBBI 



BBBBBBflRBBBBi 
BBBBBBBBBBBBI 
BBBBBBI 



iiSIsissssiissssissiiiiiiiiiiiiiiiiiissiiiiisssssssss^ 

"iBBiBBBBBBBBBll 
BBBBBBflBBBBiiil 



8s;i 



iBiBBBflBBBBBriBflBBBBB2lBBBBiBBBaRBBB!SiBiBBiliBBBBBiBBBB 



SSSSSSSSSSS888S8S5SS8Si»SSSSS8SS8SS»SSS8SSSHS»SSSS 

BBBRBBBBBBBBB^iBflBBBB»BflRBBBBBBBeaBBBBBRBBBBBiBBBBflBBBBBBl 
BBB|iBBBBBBflriBBBBBKiBiBiBiBifliiigi 



BBBl . 

BBBBI 

BBBBBflBBBBBBBlIBBl 

BBBBBBBBBBBBBBBBBBBBBBBBBEBBi 



BBBBBBBBBBBBB 

BBBRBflBBBBB^B 



BBBiBBBBBBKBBia«2BaBB8BaP 
BBBfl ^ 



5S95SS5SSSSiSSP&iSSi!9S!l!S8SSSS!!S!!!!SS!S!!8S!!SE8S5!SS8SSi 

B8iB8SS88i8S85flSS88S88B888Si8S8SSSS88888SSSSS88SM 

i88888SS8S888888SSSi888S3SS88888888888SS88SS888SS 



BBBBBBBBBiJSiBBBaBflBfSBBBBBBBBBBBBBBBBBBBflBaB 





I 




£5 











Corrfif^ct &r, o/ *f nd /n o/tt/a/y of /'^od/rf^j^ 

fr~orT7 mt'dd/e ^ corr*^^/^ yo/- /^arry o //? u^e 

fo/fo/7 fr’om c Oo ^/^^ct^on /o*r* for’ vy ro///^ do**^n /"«//. 



ffoH Correction. 

for- 

/e-^fSCa/. ^7oo///o^ 
Ud.3. A/Off TH J>A KO TA . 



Ireita i 

,1. J 


U] 

^ZOi 

//c 


'■ti 

2a_|: 

;;J' 

■n-/'' 

aar 




;. 1 . 

jxL 


M 

/trn 


■At 

Aid: 




IM- 

iCLl 


/hi 


^rtft 


! • 
4fi |- 




/^o 


9<0 r . 


:| 

/■Ir^ 


4 

O-U- 







rn 


In;/ 


— 1 

! 








[J.i: 


■' ^ h ' 


1 


Lu 


L-^ 


. . I ’ 




1 

1 



uiuo^.f.og^uifio^ /if footf^o^ tujo^ Tf^hi umtu/yrtf/. 









\ 












^orrec^to/n-J^ue tore/ocif^y ton7uzz/^ 








LIST OF REFERENCES 



Peabody's - Naval Architecture. 

Sir William White - Navy Architecture. 

Hovgaard,- Naval Architecture. 

Transaction of Society of Naval Architects & Marine 

Engineers on Rolling Experiments and Inclina- 
tion Experiments on U.S.S. Oregon . 

Calculation for Ships Forms and the Light Thrown by 

Model Experiments upon Resistance, Propulsion 
and Rolling of Ships - Taylor. 

Wotes on Active Gyro Stabiliser - Elmer A, Sperry. 

Report of Bureau of Standards on Exper, Firing New Mexico 
" " " " ” " " " Sao Paulo 

H M n I. II II n It California 

Report of Target Practice 1921-1922 
Range Tables 12" 45 Calibre 2700 f,s. 

Range Tables 5" 51 Calibre 3150 f.s. 

Report of Photogr^hic Rolling Data U.S.S. Nevada 

Mechanical & Graphical Computations - Lipka. 

Encyclopedia Brittanica 

Experimental Psychology by Tachner. 

Practical Psychology by Tachner. 

Strength of Materials - Fuller & Johnston 

Strength of Materials - Slocum & Hancock 

Structure, Theory of, Spofford. 



AUG 31 BINDERY 

50APR70 m^l7723 

I r< V 70 1 7 M ft 7 



6309 

Clarke 

Effect of roll of 
ship on fall of shot 
when using oirector 

ri 1 7 ii ft 7 




Thesis 

C5 



I 



Thesis 6309 
C5 Clarke 

Effect of roll of ship oa 
fall of shot when using di- 
rector fire,. 



L o. iXaw.l Postf,n'aduate SchooC 
MontProy, California 



